Proteins containing formin homology domains, FH1 and FH2, are involved in cytokinesis or establishment of cell polarity in a variety of organisms. Bni1p and Bnr1p are FH proteins and potential targets of the Rho family small GTP-binding proteins in S. cerevisiae. We have shown that Bnr1p is localized at the bud neck to interact with Hof1p, involved in cytokinesis. We report here that the overexpression of BNR1 causes a cytokinesis de®ciency which is similar to the phenotypes of the septin mutants, including cdc3, cdc10, cdc11, and cdc12. The region required for the septin mutant phenotypes was mapped to Bnr1p (35 ± 500), which coincided with the region required for the bud-neck localization. To further isolate a gene interacting with BNI1 or BNR1, a multicopy suppressor of the bni1 bnr1 mutant was isolated. This gene encoded Smy1p, a kinesin-related protein. Bnr1p, but not Bni1p, directly interacted with the C-terminal region of Smy1p. The Smy1p-interacting region of Bnr1p was mapped to a region containing the FH2 domain. Bnr1p also directly interacted with Bud6p, a novel actin-binding protein. Bnr1p is thus a multifunctional protein which interacts with the septin system, a microtubule-dependent motor protein, and the actin system, to regulate cytoskeletal functions in S. cerevisiae.
Introduction
The Rho family (Rho) belongs to the small G protein superfamily and regulates various cell functions through reorganization of the actin cytoskeleton (Hall, 1994; Takai et al., 1995) . Many potential targets of Rho have been identi®ed (Hall, 1998) , but it has not yet thoroughly been clari®ed how Rho regulates reorganization of the actin cytoskeleton through these targets.
The actin cytoskeleton plays a pivotal role in the budding processes in the yeast Saccharomyces cerevisiae (Cid et al., 1995) . This yeast has the Rho family members, including RHO1, RHO2, RHO3, RHO4, and CDC42, which are involved in the budding processes (Cid et al., 1995; Tanaka and Takai, 1998) . We have isolated BNI1 as a potential target of RHO1 which links RHO1 with the actin cytoskeleton (Kohno et al., 1996) . BNI1 has subsequently been shown to be a potential target of CDC42, RHO3, and RHO4 (Evangelista et al., 1997) . BNR1 is a BNI1-related gene and is a potential target of RHO4 (Imamura et al., 1997) . Bni1p and Bnr1p are members of the FH proteins, which are de®ned by the presence of formin homology domains, the proline-rich FH1 domain and the FH2 domain. The FH proteins play an important role in the actin cytoskeleton-dependent processes, including cytokinesis and establishment of cell polarity (Frazier and Field, 1997; Wasserman, 1998) . We have recently shown that Bni1p interacts with elongation factor 1a (EF1a), which binds to and bundles actin ®laments , and that Spa2p is required for the localization of Bni1p at the bud tip . Bni1p and Bnr1p, at their FH1 domains, bind to an actin monomer-binding protein, pro®lin, which is implicated in actin polymerization (Evangelista et al., 1997; Imamura et al., 1997) . Bni1p has also been shown to interact with a novel actin-binding protein, Bud6p (Aip3p) (Evangelista et al., 1997) . Recently, we have shown that Bnr1p directly binds to a novel SH3 domain-containing protein, Hof1p, involved in cytokinesis .
Septins are a family of proteins conserved throughout eukaryotes and involved in cytokinesis (Sanders and Field, 1994; Longtine et al., 1996) . The four original septin family members, encoded by CDC3, CDC10, CDC11 and CDC12, were ®rst identi®ed in S. cerevisiae (Hartwell, 1971) . We have recently isolated a novel member of septin family, SHS1 (SEP7) (Carroll et al., 1998; Mino et al., 1998) . Mutations in any of these genes result in a cytokinesis defect: the cells appear as long chains of connected cells, and individual modules sometimes contain multiple nuclei. The sequences of all the known septins predict that they are members of the GTPase superfamily (Flescher et al., 1993; Nakatsuru et al., 1994) .
We show here that Bnr1p functionally interacts with the septin system. We furthermore show that Bnr1p binds to a kinesin-related protein, Smy1p, and an actin-binding protein, Bud6p. Bnr1p is a multifunctional protein which interacts with a variety of cytoskeletal proteins and seems to function as an organizer of the cytoskeletal system.
Results
The septin mutant-like phenotypes caused by the overexpression of BNR1
The overexpression of HA-Bnr1p under the control of the GAL1 promoter on a multicopy plasmid in wild type cells resulted in the inhibition of cell growth which was more severe at a higher temperature (data not shown). The growth-arrested cells were observed under a microscope and it was found that 67% of cells possessed unseparated elongated buds ( Figure 1A ). These cells were multinucleate and calco¯uor staining detected the deposition of chitin throughout these cells, indicating that these cells were de®cient in cytokinesis. These phenotypes were similar to those of the mutants of genes encoding septins.
Coincidence of the region required for the septin mutant-like phenotypes with that required for the bud-neck localization Truncated fragments of BNR1 were overexpressed in wild type cells. The overexpression of the N-terminal 756 amino acids region of Bnr1p, HA-Bnr1p (1 ± 756), caused cytokinesis de®ciency in 50% of the cells ( Figure  1B) . A slight growth inhibition was observed with this N-terminal fragment (data not shown). In contrast, the overexpression of the C-terminal 570 amino acids region of Bnr1p, HA-Bnr1p (757 ± 1326), caused the round and large cell morphology in 40% of the cells ( Figure 1B ). The growth inhibition was observed with this C-terminal fragment (data not shown). Staining of actin in cells overexpressing Bnr1p (757 ± 1326) revealed that cortical actin patches are randomly localized ( Figure 1B ), suggesting that Bnr1p (757 ± 1326) is involved in reorganization of the actin cytoskeleton. We have shown that Bnr1p is localized at the bud neck in tiny-, small-, and large-budded cells, as is a septin, Cdc11p . HA-Bnr1p (1 ± 756) was also localized at the bud neck as estimated by the immuno¯uorescence microscopy ( Figure 2 ). It should be noted that Bnr1p (1 ± 1374) was somewhat diusely stained along mother-daughter axis in medium size-or large-budded cells (Figure 2 ). This may be due to a partial perturbation of the septin function by somewhat overexpressed Bnr1ps. A similar staining pattern of septins has been reported in the gin4 mutant, which shows abnormal reorganization of septins (Longtine et al., 1998) . The region required for the septin mutant-like phenotypes was further delimited to 465 amino acids region of Bnr1p, Bnr1p (35 ± 500), and this region coincided with the region required for the localization of Bnr1p at the bud neck ( Figure 3 ). Bnr1p (35 ± 500) overlaps with the Rho4p-binding region, Bnr1p (63 ± 421) (Imamura et al., 1997) .
It was next examined whether the localization of Bnr1p is dependent on the functional septins. HABnr1p (1 ± 756) was expressed in the cdc12 mutant under the control of the GAL1 promoter on a single copy vector and the HA-Bnr1p (1 ± 756)-expressing cells were incubated at 358C for 6 h. Ninety-two and 46% of budded cells showed the bud neck localization of HA-Bnr1p (1 ± 756) in wild type strain and the cdc12 mutant, respectively (data not shown). We concluded that septins are required for the localization of Bnr1p , were incubated for 10 h at 248C in SGal-Ura medium, ®xed, and double-stained with calco¯uor and rhodamine-phalloidin for chitin and actin, respectively. They were followed by microscopic observation. All ®elds were photographed at the same magni®cation To further isolate a gene which interacts with BNI1 or BNR1, a multicopy suppressor of the bni1 bnr1 mutant was searched for. One clone, pYO 1379, contained the SMY1 gene, which encodes a kinesin related protein (Lillie and Brown, 1992) . A subcloning study indicated that the overexpression of SMY1 suppressed the temperature-sensitive growth phenotype of bni1 bnr1 (Figure 4) . It was next examined whether Smy1p interacts with Bni1p or Bnr1p by the twohybrid method. Smy1p interacted with Bnr1p, but not with Bni1p (data not shown). Deletion analysis indicated that the C-terminal domain of Smy1p, Smy1p (421 ± 657), interacted with a region of Bnr1p Figure 3 Mapping of the region of Bnr1p required for the localization to bud-neck and the septin mutant-like phenotypes caused by overexpression. Various DNA fragments encoding truncated Bnr1ps were cloned into pKO11 and resultant plasmids were transformed into OHNY1. The localization of each truncated Bnr1p at the bud neck was examined by immuno¯uorescence microscopy. Each truncated BNR1 fragment was also cloned into pKO10 and truncated Bnr1ps were overexpressed in OHNY1. The morphological phenotype (septin mutant-like phenotype) of the cells was examined under a microscope It was examined whether the Bnr1p ± Smy1p interaction is direct. A glutathione S-transferase (GST) fused to Bnr1p (933 ± 1283) was expressed in E. coli and puri®ed. This GST-Bnr1p (933 ± 1283) and GST were subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS ± PAGE), blotted onto a nitrocellulose membrane ®lter, and detected by an overlay assay using the maltose-binding protein (MBP)-fused Smy1p (421 ± 657). MBP-Smy1p (421 ± 657) was detected with an anti-MBP antibody. MBP-Smy1p (421 ± 657) interacted with GST-Bnr1p (933 ± 1283), but not with GST ( Figure 6 ). This result indicates that the Bnr1p-Smy1p interaction is direct.
Physical interaction of Bnr1p with Bud6p
It has been reported that Bnr1p interacts with Bud6p at its C-terminal domain (Evangelista et al., 1997) . It was examined whether Bnr1p also interact with Bud6p by the two-hybrid method and Bnr1p also interacted with Bud6p at its C-terminal region, Bnr1p (1167-1374) ( Figure 7 ).
It was examined whether the Bnr1p-Bud6p interaction is direct. A GST fused to Bnr1p (757 ± 1374) was expressed in E. coli and puri®ed. This GST-Bnr1p (757 ± 1374) and GST were subjected to SDS ± PAGE, blotted onto a nitrocellulose membrane ®lter, and detected by an overlay assay using the MBP-fused Bud6p (447 ± 788). MBP-Bud6p (447 ± 788) was detected with an anti-MBP antibody. MBP-Bud6p (447 ± 788) interacted with GST-Bnr1p (757 ± 1374), but not with GST (Figure 8 ). This result indicates that the Bnr1p-Bud6p interaction is direct.
Discussion
In this work we have shown that Bnr1p is localized at the bud neck through its N-terminal region and its overexpression causes the septin mutant-like phenotypes. The region required for the bud-neck localization and the septin mutant-like phenotypes was mapped to Bnr1p (35 ± 500). This region of Bnr1p overlaps with the Rho4p-binding region of Bnr1p. Although we do not know whether Rho4p-binding region of Bnr1p is identical to the region Figure 4 Partial suppression of the temperature-sensitive growth phenotype of the bni1 bnr1 mutant by the overexpression of SMY1. The bni1 bnr1 mutant, HIY11, was transformed with YEp351-SMY1 (SMY1), YEp351 (Vector), pRS315-pBNR1-BNR1 (BNR1), or YEp351-BNI1 (BNI1). Cells of each transformant were streaked on a SD-Leu plate and grown at 24 or 338C for 5 days Figure 5 Deletion mapping of the Smy1p-interacting domain of Bnr1p. Various DNA fragments encoding truncated Bnr1ps were cloned into the yeast two-hybrid vector, pACTII-HK, and resultant plasmids were transformed into TAT7 containing pBTM116-SMY1 (421 ± 657). The interaction of Bnr1p with Smy1p was examined in each transformant by the qualitative and quantitative assay methods for b-galactosidase activity. Closed bars, blue colony color; open bars, white colony color. The values are the average of b-galactosidase activities for three transformants. Each measured value was within 50% of the average Functional domains of Bnr1p M Kikyo et al required for the bud-neck localization, it should be clari®ed how Rho4p is involved in the localization of Bnr1p at the bud neck. Since Bnr1p did not directly interact with any member of septin in the two-hybrid method, Bnr1p appears to interact with septins through an unknown protein. Isolation of this protein would be an important step toward understanding the modes of action of Bnr1p. Candidates for these proteins are Afr1p (Giot and Konopka, 1997) and Gin4p (Carroll et al., 1998; Longtine et al., 1998) , which physically and functionally interact with a member of septins. It would be interesting to examine whether Bnr1p interacts with these proteins. Our present results and recent observation that Bnr1p interacts with Hof1p, a protein involved in cytokinesis , suggest that Bnr1p is involved in cytokinesis. However, the bnr1 mutant does not show any growth or morphological phenotype. The disruption mutant of BNR1, which was described previously (Imamura et al., 1997) , was made by replacing the region corresponding to amino acid positions from 685 ± 707 of Bnr1p with the TRP1 gene. We made a bnr1 null mutant and again it did not show any growth phenotype (data not shown). In this null mutant, however, we did not see the randomization of haploid-speci®c axial budding pattern (data not shown), which was seen in the insertion mutant (Imamura et al., 1997) . We have shown that the bni1 bnr1 double mutant shows a temperature-sensitive growth phenotype (Imamura et al., 1997) . The bni1 mutant shows a weak de®ciency in cytokinesis and the bni1 mutation shows a synthetic lethal interaction with the cdc12 mutation (Kohno et al., 1996) . Moreover, we have shown that Spa2p interacts with Shs1p . Therefore, it is possible that both BNR1 and BNI1 (Sikorski and Hieter, 1989) pKO10-BNR1 (1 ± 1326) P GAL1 -HA-BNR1 (1 ± 1326), T TDH3 , URA3, 2 mm; made by inserting the 3.9 kbp BamHI-BamHI fragment from pACTII-HK-BNR1 (1 ± 1374) (Imamura et al., 1997) into the BamHI site of pKO10 pKO10-BNR1 (1 ± 756) P GAL1 -HA-BNR1 (1 ± 756), T TDH3 , URA3, 2 mm; made by inserting the 2.3 kbp SmaI-SmaI fragment from pACTII-HK-BNR1 (1 ± 756) (Imamura et al., 1997) into the PvuII site of pKO10 pKO10-BNR1 (757 ± 1326) P GAL1 -HA-BNR1 (757 ± 1326), T TDH3 , URA3, 2 mm; made by inserting the 1.7 kbp BamHI-BamHI PCR fragment encoding amino acid positions from 757 ± 1326 of Bnr1p into the BamHI site of pKO10 pKO10-BNR1 (35 ± 612) P GAL1 -HA-BNR1 (35 ± 612), T TDH3 , URA3, 2 mm; made by inserting the 1.7 kbp BamHI-SmaI PCR fragment encoding amino acid positions from 35 ± 612 of Bnri1p into the BamHI-SmaI site of pKO10 pKO10-BNR1 (35 ± 500) P GAL1 -HA-BNR1 (35 ± 500), T TDH3 URA3, 2 mm; made by inserting the 1.4 kbp BamHI-SmaI PCR fragment encoding amino acid positions from 35 ± 500 of Bnr1p into the BamHI-SmaI site of pKO10 pKO10-BNR1 (1 ± 419) P GAL1 -HA-BNR1 (1 ± 419), T TDH3 , URA3, 2 mm; made by inserting the 1.2 kbp BamHI-SmaI PCR fragment encoding amino acid positions from 1 ± 419 of Bnr1p into the BamHI-SmaI site of pKO10 pKO10-BNR1 (93 ± 612) P GAL1 -HA-BNR1 (93 ± 612), T TDH3 , URA3, 2 mm; made by inserting the 1.5 kbp BamHI-SmaI PCR fragment encoding amino acid positions from 93 ± 612 of Bnr1p into the BamHI-SmaI site of pKO10 pKO10-BNR1 (412 ± 612) P GAL1 -HA-BNR1 (412 ± 612), T TDH3 , URA3, 2 mm; made by inserting the 0.6 kbp BamHI-SmaI PCR fragment encoding amino acid positions from 412 ± 612 of Bnr1p into the BamHI-SmaI site of pKO10 pKO11-BNR1 (1 ± 1374) P GAL1 -HA-BNR1 (1 ± 1374), T TDH3 , URA3, CEN6; made by inserting the 4.1 kbp SmaI-SmaI fragment from pACTII-HK-BNR1 (1 ± 1374) (Imamura et al., 1997) into the SmaI site of pKO10 pKO11-BNR1 (1 ± 756) P GAL1 -HA-BNR1 (1 ± 756), T TDH3 , URA3, CEN6; made by inserting the 2.3 kbp SmaI-SmaI fragment from pACTII-HK-BNR1 (1 ± 756) (Imamura et al., 1997) into the SmaI site of pKO11 pKO11-BNR1 (35 ± 612) P GAL1 -HA-BNR1 (35 ± 612), T TDH3 , URA3, CEN6; made by inserting the 1.7 kbp BamHI-SmaI fragment from pKO10-BNR1 (35 ± 612) into the BamHI-SmaI site of pKO11 pKO11-BNR1 (35 ± 500) P GAL1 -HA-BNR1 (35 ± 500), T TDH3 , URA3, CEN6; made by inserting the 1.4 kbp BamHI-SmaI fragment from pKO10-BNR1 (35 ± 500) into the BamHI-SmaI site of pKO11 pKO11-BNR1 (1 ± 419) P GAL1 -HA-BNR1 (1 ± 419), T TDH3 , URA3, CEN6; made by inserting the 1.2 kbp BamHI-SmaI fragment from pKO10-BNR1 (1 ± 419) into the BamHI-SmaI site of pKO11 pKO11-BNR1 (93 ± 612) P GAL1 -HA-BNR1 (93 ± 612), T TDH3 , URA3, CEN6; made by inserting the 1.5 kbp BamHI-SmaI fragment from pKO10-BNR1 (93 ± 612) into the BamHI-SmaI site of pKO11 pKO11-BNR1 (412 ± 612) P GAL1 -HA-BNR1 (412 ± 612), T TDH3 , URA3, CEN6; made by inserting the 0.6 kbp BamHI-SmaI fragment from pKO10-BNR1 (412 ± 612) into the BamHI-SmaI site of pKO11 pACTII-HK AD GAL4 , LEU2, 2 mm; (Ozaki et al., 1996) We have shown that the overexpression of SMY1 suppresses the temperature-sensitive growth phenotype of the bni1 bnr1 mutant. SMY1 encodes a protein related to a heavy chain of kinesin, a microtubule-based motor protein. However, it has recently been reported that microtubules are not required for the function of Smy1p (Lillie and Brown, 1998) . Rather, Smy1p is implicated in the function of Myo2p, which is a micro®lament-based motor protein (Lillie and Brown, 1992) . This result is consistent with our result that Smy1p directly interacts with Bnr1p. Smy1p interacts with a region containing the FH2 domain, whose function remains unknown. The functional and physical interaction of Bnr1p with Smy1p suggest that an FH protein is involved in the regulation of motor proteins.
Bnr1p interacted with Bud6p as does Bni1p. Bni1p interacts with actin-binding proteins, pro®lin (Imamura et al., 1997) , EF1a , and Bud6p (Evangelista et al., 1997) . Bnr1p also interacts with pro®lin (Imamura et al., 1997) , although it has not yet been shown whether Bnr1p interacts with EF1a. Our present results suggest that Bni1p and Bnr1p are linkers between the septin system and the actin cytoskeleton. It would be interesting to examine whether the functional interaction between an FH protein and septins are conserved in higher eukaryotes.
Our current results indicate that Bnr1p consists of multiple functional domains which interact with a variety of cytoskeletal proteins. Bnr1p may function as an organizer of septins, the actin cytoskeleton, and motor proteins. We have recently shown that the GTPbound form of Rho4p enables Bnr1p to interact with Hof1p . It should be clari®ed how Rho4p regulates the interaction of Bnr1p with the Bnr1p-binding proteins to regulate cytoskeletal functions.
Materials and methods
Strains, media, and standard methods OHNY1 (MATa ura3 leu2 trp1 his3 ade2), OHNY3 (MATa/ MATa ura3/ura3 leu2/leu2 trp1/trp1 his3/his3 ade2/ade2) (Ozaki et al., 1996) , and HIY11 (MATa ura3 leu2 trp1 his3 ade2 bni1 : : HIS3 bnr1 : : TRP1) (Imamura et al., 1997) were used for cytological and genetic studies. TAT7 (MATa trp1 leu2 his3 LYS2 : : lexA-HIS3 ura3 : : lexA-lacZ) was used for the two-hybrid studies. Yeast strains were usually grown in rich medium (YPDAU) and yeast transformants were grown in dextrose-containing (SD) or galactose-containing (SG) selection media . Yeast transformations were performed by the lithium acetate methods (Gietz et al., 1992) . Standard yeast genetic manipulations were performed as described (Sherman et al., 1986) . An E. coli strain DH5a was used for construction and propagation of plasmids and puri®cation of recombinant proteins.
Molecular biological techniques
Standard molecular biological techniques were used for construction of plasmids, DNA sequencing, and PCR (Sambrook et al., 1989) . Plasmids used in this study are listed in Table 1 . DNA sequences were determined using ALFred DNA sequencer (Amersham Pharmacia Biotech, Inc., Buckinghamshire, UK) and PCRs were performed using GeneAmp PCR System 2400 (Perkin-Elmer, Norwalk, CT, USA).
Molecular cloning of SMY1 as a multicopy suppressor of the bni1 bnr1 mutant Strain HIY11 (bni1 bnr1) was transformed with a yeast genomic library made in YEp13. A plasmid, which conferred the temperature-resistant growth phenotype on HIY11, was isolated and the nucleotide sequence was determined. This clone encoded the SMY1 gene. The region encoding only the SMY1 gene was cloned into YEp351 and again YEp351-SMY1 conferred the temperature-resistant growth phenotype on HIY11.
Cytological techniques
Cdc11p and HA-tagged proteins were stained with the anti-Cdc11p polyclonal antibodies (provided by J Pringle) and the anti-HA 12CA5 monoclonal antibody, respectively, as described (Yamochi et al., 1994) . Actin and DNA were stained with rhodamine-phalloidin (Molecular Probes, Inc, Eugene, OR, USA) and 4', 6'-diamidino-2-phenylindole dihydrochloride (DAPI) (Sigma Chemical Co, St Louis, MO, USA), respectively, as described (Yamochi et al., 1994). Chitin was stained with Calco¯uor White M2R New (Sigma Chemical Co) as described (Pringle, 1991) . Stained cells were observed with a Zeiss Axiophoto microscope (Carl Zeiss, Oberkochen, Germany) and photographed with a peltier cooling 3CCD color camera (C5810-01; Hamamatsu Photonics KK., Hamamatsu, Japan).
Yeast two-hybrid method
A plasmid containing a gene fused to the LexA DNAbinding domain (DBD LexA ) was transformed into a yeast strain TAT7 and the resultant transformants were retransformed by a plasmid containing a gene fused to the GAL4 transcriptional activating domain (AD GAL4 ). Cells of each transformant were placed on the nitrocellulose ®lter and stained with 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside for b-galactosidase activity as described (Vojtek et al., 1993) . For quantitative assay for b-galactosidase activity, cells of each transformant were cultured in SD medium lacking tryptophan and leucine and the b-galactosidase activity was measured according to the ONPG assay method described (Guarente, 1983) .
Materials and chemicals for biochemical assays
Recombinant Smy1p (421 ± 657) and Bud6p (447 ± 788) were puri®ed from overexpressing E. coli DH5a as MBP fusion proteins using an amylose resin column (New England BioLabs, Inc, Beverly, MA, USA) as described (di Guan et al., 1988) . Recombinant Bnr1p (933 ± 1283) and Bnr1p (757 ± 1374) were puri®ed from overexpressing E. coli DH5a as GST fusion proteins using a Glutathione-Sepharose 4B column (Pharmacia P-L Biochemicals Inc, Milwaukee, WI, USA) as described (Kikuchi et al., 1992) . The anti-MBP antibody was purchased from New England BioLabs, Inc, USA. The BA-85 (0.45-mm pore size) nitrocellulose membrane ®lter was purchased from Schleicher & Schuell (Dassel, Germany).
Assay for the binding of recombinant Bnr1p with Smy1p or Bud6p
GST-Bnr1p (933 ± 1283) or GST (5 pmol) was subjected to SDS ± PAGE and subsequently electroblotted onto the BA-85 nitrocellulose membrane ®lter. The ®lter was blocked overnight at 48C in TBS (50 mM Tris-HCl [pH 7.5] and 200 mM NaCl) containing 5% skim milk and subsequently incubated for 2 h at room temperature in TBS containing 5% skim milk and 100 nM of MBP-Smy1p (421 ± 657). After three 5-min washes of the ®lter in TBS containing 0.05% Tween 20, the ®lter was incubated for 1 h at room temperature in TBS containing 5% skim milk and the 1000-fold diluted anti-MBP antibody. After three 10-min washes of the ®lter in TBS containing 0.05% Tween 20, the ®lter was incubated for 1 h at room temperature with an appropriate secondary antibody followed by enhanced chemiluminescence detection with the ECL Western blotting detection system (Amersham Pharmacia Biotech, Inc, Buckinghamshire, UK). GST-Bnr1p (757 ± 1374) was similarly detected with 500 nM of MBP-Bud6p (447 ± 788) as a probe.
Other procedures SDS ± PAGE was performed as described (Laemmli, 1970) . Protein concentrations were determined as described with bovine serum albumin as a reference protein (Bradford, 1976) .
